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Experimental Procedures Safety Warning
High-pressure experiments with compressed H 2 must be carried out only with appropriate equipment and under rigorous safety precautions.
General
If not otherwise stated, the synthesis of the ionic liquids (ILs), the supported ionic liquid phases (SILPs) and the nanoparticles immobilized on SILPs (NPs@SILPs and NPs@SILP+IL-SO 3 H) were carried out under an inert atmosphere using standard Schlenk techniques or inside a glovebox. After synthesis, ILs, SILPs, NPs@SILPs and NPs@SILP+IL-SO 3 H were stored under an inert atmosphere. Benzylideneacetone (1) was purified by sublimation prior to use. Mesitylene (from ABCR, 98%) was dried over molecular sieves (4Å) and degassed via sparging. Reaction mixtures were prepared under an inert atmosphere. The precursors, {Fe[N(Si(CH 3 ) 3 ) 2 ] 2 } 2 and [Ru(cod)(cot)], were commercially available from NanoMePS. All other chemicals and solvents were purchased from commercial suppliers and used without purification.
Synthesis of NP@SILP Catalysts
The non-functionalized SILP [1] , the sulfonic acid-functionalized SILPs (SILP-SO 3 H), [1] and the sulfonic acid-functionalized ionic liquid, [2] were synthesized as previously reported. [3] . 
Synthesis of Fe25Ru75@SILP

Catalytic Reactions.
High-pressure experiments were performed using in-house engineered 10 mL and 20 mL stainless steel finger autoclaves. Catalytic reactions were performed in glass inserts. H), substrate (0.38 mmol, 25 eq.), and mesitylene (0.5 mL) were combined in a glass insert under an inert atmosphere inside a glovebox and placed in a high-pressure autoclave. The reaction mixture was magnetically stirred at 700 rpm and the respective temperature (150 or 175°C) in an aluminum heating block under 60 bar H 2 (pressurized to 50 bar H 2 at rt) for 16 h. Once the reaction was finished, the reactor was allowed to cool down to rt inside the heating block and carefully vented. Conversion and product distribution were determined by GC using tetradecane or 1-hexanol as an internal standard. For the reaction profiles, individual experiments were performed as described above which were stopped after the desired reaction time. For the recycling experiments, the reaction solution was removed from the catalyst and additional benzylideneactone (1) and mesitylene were added under an inert atmosphere.
Hydrodeoxygenation of Carbonyl
Analytics
Gas chromatography (GC) was performed on a Thermo Scientific Chromatograph Trace GC Ultra equipped with a CP-Wax 52 CB column from Agilent. Brunauer-Emmett-Teller (BET) measurements were performed on a Quadrasord SI automated Surface Area and Pore Size Analyzer from Quantachrome Instruments and the data analysis using QuadraWin 5-04. Transmission electron microscopy (TEM) was performed at UMS 3623 -Centre de MicroCaractérisation Raimond Castaing and sample preparation for TEM at the METI platform (Centre de Biologie Integrative, Toulouse, France) . The supported nanoparticles were redispersed in Epon medium, which was then cured for 48 h at 50°C. The obtained resin was cut by ultramicrotomy and the slices were deposited on a copper TEM grid. Conventional bright-field TEM images were taken using a JEOL JEM 1400 operated at 120 kV. Scanning transmission electron microscopy with energy dispersive X-ray spectroscopy (STEM-HAADF/EDS) was performed on a JEOL JEM-ARM200F Cold FEG operated at 200 kV. Scanning electron microscopy with energy dispersive X-ray spectroscopy (SEM/EDS) was performed on a JEOL JSM 7800F operated at 10 kV with a thermally assisted Schottky electron gun and equipped with a Bruker XFlash 6|60 detector (silicon drift detector technology). Samples for SEM/EDS analysis were prepared by pressing powder of NPs@SILPs on carbon tape. 
Results and Discussion
Characterization of Iron-Ruthenium Nanoparticles Immobilized on Supported Ionic Liquid Phases (Fe25Ru75@SILPs)
Characterization of Fe25Ru75@SILP-SO3H
Characterization of Fe25Ru75@SILP and Fe25Ru75@SILP+IL-SO3H
Catalytic Data for the Hydrodeoxygenation of Substituted Aromatic Substrates
Catalytic Data for Fe25Ru75@SILP-SO3H Table S3 . Hydrodeoxygenation of benzylideneacetone (1) using the Fe25Ru75@SILP-SO3H catalysts.
[a]
Entry Catalyst Product Distribution [%] Catalytic Data for Fe25Ru75@SILP with Acidic Additives 
Recycling of Fe25Ru75@SILP+IL-SO3H
Catalytic Data for the Hydrodeoxygenation of Acetophenone (4)
The hydrodeoxygenation of acetophenone (4) was first conducted under the reaction conditions established for 1 (50 bar H 2 , 150 °C, 16 h) where quantitative conversion of 4 was reached with a 69 % yield of the desired deoxygenation product ethylbenzene (4a) ( Table S6 , Entry 1). Analysis of the reaction mixture by GC/MS showed the formation of dimeric by-products resulting from side reactions involving the intermediate styrene ( Figure S7) . Optimization of the conditions allowed for the suppression of those undesired reactions (Table S6) . While decreasing the temperature (from 150 to 100 °C) or decreasing the substrate concentration (from 0.76 to 0.38 M) caused an increase in the formation of by-products, improved yields of the desired deoxygenation product 4a were achieved by increasing the reaction temperature to 175 °C (91 %) (Table S6 , Entry 4). The decrease in dimeric by-products most likely resulted from an enhanced hydrogenation of the styrene intermediate at a higher temperature. Table S6 . Hydrodeoxygenation of acetophenone (4) and 1-phenyl-1-ethanol using Fe25Ru75@SILP+IL-SO3H. Figure S7 . Mass spectrum of one of the dimeric by-products resulting from side reactions of the intermediate styrene during the hydrodeoxygenation of acetophenone (4). [a] Reaction conditions: Ru100@SILP+IL-SO3H (58 mg catalyst containing 0.015 mmol total metal and 0.038 mmol (2.50 eq.) IL-SO3H), substrate (0.38 mmol, 25 eq.), mesitylene (0.5 mL).
Mass-Spectrometric Data of a Dimeric By-Product formed during the Hydrodeoxygenation of Acetophenone (4)
[b] Conversion (> 99 %) was determined by GC using 1-hexanol as an internal standard.
[c] 150°C.
